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bstract
In the world, researchers are working very intensively in the development of soil organic carbon (SOC) inventories. Soil organic carbon is very
mportant because it constitutes the largest reservoir of carbon in terrestrial ecosystems. Maintaining and increasing soil carbon is an option to
educe the amounts of CO2 in the atmosphere, and thereby, to reduce or mitigate climate change. The SOC is now a topic of great interest hence it
s recommended to know the amount of SOC along the profile to select and evaluate those areas that should be preserved. The aims of developing
pp SOC plus were to eliminate the calculate errors of SOC and to make a tool to estimate SOC in field. The common units of measurement of
oil properties were employed: bulk density in mg mL−1, horizon thickness in centimetres, stoniness and organic carbon in percentage. The App
OC plus was developed in the Android platform. App SOC plus involves a three-step process: introduction of soil properties, calculation of SOC
o horizon and soil profile, and conversion of units using the international and English systems. As a result, there will no longer be confusions
ith conversion units using App SOC plus; with App SOC plus the soil organic carbon can now be calculated or/and estimated because it provides
nstructions (aids) to estimate the soil properties necessary to calculate the SOC in the soil profile. You can save time in the calculation of SOC.
pp SOC plus is a tool for diagnosis in the field.
ll Rights Reserved © 2016 Universidad Nacional Autónoma de México, Centro de Ciencias Aplicadas y Desarrollo Tecnológico. This is an
pen access item distributed under the Creative Commons CC License BY-NC-ND 4.0.
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i.  Introduction
Intensive work is developed at a global, national and local
evel to elaborate the inventories of soil carbon because of its
elation to the global climate change. Soil carbon is consid-
red the largest carbon reservoir of the terrestrial ecosystems
Alvarez-Arteaga, Krasilnikov, & García-Calderón, 2012.) At a
ocal level, areas of interest for the conservation may appear,
uch as the natural protected areas, the national parks and
he biosphere reserves. These areas are valued because of the
nvironmental services they offer to the society. The payment∗ Corresponding author.
E-mail address: leptosol@ciga.unam.mx (F. Bautista).
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tem distributed under the Creative Commons CC License BY-NC-ND 4.0.or these environmental services, among which the fixation of
rganic carbon stands out, is planned in some of these places
he soil organic carbon calculation (Pérez, Ramírez, Bautista, &
aramillo, 2013).
The study of soil organic carbon is now a subject of great
nterest, which is why it is recommendable to know the amount
f soil organic carbon throughout the soil profile to select and
alue the areas that must be preserved.
Normally, miscalculations are shown in scientific meetings
ecause of the unfortunate selection of the properties of the
oil that is being measured, the way of expressing them with
nappropriate units and because of miscalculations. Besides, the
umber of professionals who are not edaphologists interested in
he measurement of SOC grows day by day.The reasons to create App SOC plus are as follows: (a) nor-
ally, miscalculations are shown in scientific meetings because
f the unfortunate selection of the properties of the soil that is
 Centro de Ciencias Aplicadas y Desarrollo Tecnológico. This is an open access
1 esearch and Technology 14 (2016) 135–139
b
u
s
o
e
d
o
a
(
m
2
2
o
c
t
u
I
a
p
1
2
l
S
w
n
o
C
p
s
b
e
p
m
fi
2
v
w
2
t
i
g
Fig. 1. (a) Images to estimate stoniness percentage in volume. (b) Images to
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eing measured, the way of expressing them with inappropriate
nits and because of miscalculations; (b) the number of profes-
ionals who are not edaphologists interested in the measurement
f SOC grows day by day; (c) the need to perform rapid field
stimations.
The aims behind the creation of App SOC plus are (a) to
ecrease the miscalculations caused by the unfortunate selection
f the properties of the soil, the application of the wrong equation
nd the inappropriate units, in which the results are expressed;
b) to offer the professionals who are not edaphologists a tool to
easure the SOC; (c) to perform rapid field estimations.
.  Materials  and  methods
.1.  App  design  and  development  platform
App SOC plus is an application designed for the estimation
f soil organic carbon from its edaphic properties. This app is
ompatible with all mobile devices with an Android V 4.0 or
he latest operating system. In order to create App SOC plus we
sed: (a) SDK, the software developer tool for Android and (b)
DE Eclipse as an integrated development environment. Both
re open access tools. Interfaces were designed to allow com-
atibility with resolution in smartphones and tablets of 7′ and
0′ (Canós, Letelier, & Penadés, 2003).
.2.  Soil  organic  carbon  calculation
In order to calculate the soil organic carbon (SOC) the fol-
owing formula is applied:
OC =
i=1∑
i=n
([(
BDi ∗ (THi ∗ 0.01) ∗
[
1 − CRi
100
])
∗ Ci
]
∗ 100
)
here SOC [Mg ha−1]: organic carbon full profile; n: total
umber of horizons full profile; BDi [g mL−1]: bulk density
f the horizon i; THi [cm]: thickness of the horizon i in cm;
Ri [vol.%]: volume of coarse fragments by horizon i; Ci [%]:
ercentage of organic carbon horizon i.
App SOC plus includes a simplified formula, in which the
oil properties are shown in the common units in use.
App SOC plus makes it possible to calculate the organic car-
on in an easy and rapid way. It is also possible to carry out
stimations of the quantity of organic carbon by using the soil
rofile description on the field (it includes options for the esti-
ation of the bulk density, stoniness and organic carbon on the
eld).
.3.  Bulk  density  estimation
The bulk density is measured with a cylinder of a known
olume which is inserted in each horizon, then it is dried and
eighed right after (Jahn, Blume, Asio, Spaargaren, & Schad,
006; Siebe & Jahn, 1996). When the horizon has a reduced
hickness or it is too compact to insert the cylinder properly, it
s possible to measure the soil density by means of the aggre-
ate density by using the clod method (Gandoy, 1992; NOM,
2
h
1
hstimate percentage in volume stoniness.
003.) In non-aggregated soils, it is recommended to use the
ore method (Gandoy, 1992).
In stony soils, such as the ones on the Yucatan Peninsula,
hich have high carbon content in fine earth but, at the same
ime, have scarce fine earth, it is necessary to measure the bulk
ensity by digging a hole in the soil and collecting fine earth,
hick fragments, and afterwards, measuring the volume by lining
 plastic and by filling it with water, or by using the core method.
The key from Table 1 is used in order to make the bulk density
stimation on the field.
.4.  Horizon  thickness  measurement
A measuring tape is used in order to obtain a horizon thickness
easurement. The difficulty in the process appears when the
oundary between the horizons is wavy, irregular or broken. In
hese cases, the average depth between the horizons must be
egistered.
The thickness is measured in centimetres.
.5.  Stoniness  or  thick  fragments  volume
The estimation of the stone fragments volume, also called
toniness, can be carried out by comparison to Fig. 1 (USDA,
012). The estimation of this parameter is carried out horizon by
orizon. It is recommended to work with a known surface (e.g.
00 cm2) using a cord that would be adaptable to the different
orizon thicknesses.
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Table 1
Guidelines to estimate bulk density (FAO, 2006).
Observation Frequent ped shape Bulk density (g mL−1)
Sandy, silty and loamy soils with low clay content.
Many pores, moist materials drop easily out of the auger; materials with
andic properties.
Granular <0.9
Sample disintegrates at the instant of sampling, many pores visible on the
pit wall.
Single grain or granular 0.9–1.2
Sample disintegrates into numerous fragments after application of weak
pressure.
Single grain, subangular or angular blocky 1.2–1.4
Knife can be pushed into the moist soil with weak pressure, sample
disintegrates into few fragments, which may be further divided.
Subangular and angular blocky, prismatic or
platy
1.4–1.6
Knife penetrates only 1–2 cm into the moist soil, some effort required,
sample disintegrates into few fragments, which cannot be subdivided
further.
Prismatic, platy or angular blocky 1.6–1.8
Very large pressure necessary to force knife into the soil, no further
disintegration of sample.
Prismatic >1.8
Loamy soils with high clay content, clayey soils.
When dropped, sample disintegrates into numerous fragments, further
disintegration of subfragments after application of weak pressure.
Angular blocky 1.0–1.2
When dropped, sample disintegrates into few fragments, further
disintegration of subfragments after application of mild pressure.
Angular blocky, prismatic, platy or columnar 1.2–1.4
Sample remains mostly intact when dropped, further disintegration
possible after application of large pressure.
Coherent, prismatic, platy, columnar, angular
blocky or wedge–shaped
1.4–1.6
Sample remains intact when dropped, no further disintegration after
application of very large pressure.
Coherent, prismatic, columnar or wedge-shaped >1.6
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cote: If organic matter content is >2%, bulk density has to be reduced by 0.03 k
.6.  Soil  organic  carbon
In order to measure the soil organic carbon in fine earth
sieved through a 2 mm mesh) various methods are suitable.
he common method is the wet oxidation method in an acid
otassium dichromate solution; the reaction mixture tempera-
ure rises and 70% of the soil organic carbon is recovered (Nelson
 Sommers, 1982).
The method of wet oxidation with potassium dichromateay be more efficient if external heat is applied to the reaction,
ince 100% of organic carbon will oxidize (Nelson & Sommers,
982).
a
g
able 2
uidelines to estimate soil organic carbon (FAO, 2006).
olour Munsell value Moist soil 
S LS, SL, L SiL, Si, SiCL, CL, SCL
ight grey 7 
ight grey 6.5 
rey 6 
rey 5.5 <0.3 
rey 5 <0.3 <0.4 0.3–0.6 
ark grey 4.5 0.3–0.6 0.4–0.6 0.6–0.9 
ark grey 4 0.6–0.9 0.6–1 0.9–1.5 
lack grey 3.5 0.9–1.5 1–2 1.5–3 
lack grey 3 1.5–3 2–4 3–5 
lack 2.5 3–6 >4 >5 
lack 2 >6
dapted from Schlichting, Blume and Stahr (1995).
ote: If chroma is 3.5–6, add 0.5 to value; if chroma is >6, add 1.0 to value. S: sand
lay loam; CL: clay loam; SCL: sandy clay loam; SC: sandy clay; SiC: silt clay; C: c−3 for each 1% increment in organic matter content.
The most recommended method is the use of an auto-analysis
quipment for total organic carbon; with this equipment, an oxi-
ation by combustion is performed, the gases filter up and the
O2 is measured. 100% of the soil organic carbon is recovered
ith the use of this method. There are other methods to quantify
he soil organic carbon by means of UV and infrared; neverthe-
ess, they are not frequently used. In soils with inorganic carbon,
ts elimination must be taken into account. It will be carried out
ith some acid that will not interfere with the analysis methodpplied later.
The organic soil can be estimated on the field by using the
uide in Table 2.
Dry soil
, SC, SiC, C S LS, SL, L SiL, Si, SiCL, CL, SCL, SC, SiC, C
(%)
<0.3 <0.5 <0.6
0.3–0.6 0.5–0.8 0.6–1.2
0.6–1 0.8–1.2 1.2–2
1–1.5 1.2–2 2–3
1.5–2 2–4 3–4
2–3 4–6 4–6
3–5 6–9 6–9
5–8 9–15 9–15
8–12 >15 >15
>12
; LS: loamy sand; SL: sandy loam; L: loam; SiL: silt loam; Si: silt; SiCL: silt
lay.
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.  Results  and  discussion
.1.  App  functions
In App SOC plus, click first the App logo (new estimation)
nd insert the horizon key; subsequently, introduce the bulk
ensity in g mL−1, the horizon thickness in cm, the stone vol-
me or thick fragments in percentage (0–100), and finally, the
oil organic carbon in fine earth (sieved through a 2 mm mesh)
xpressed in percentage (Table 3). Afterwards, click “calcu-
ate horizon” which will be calculated in SOC and expressed
n Mg C ha−1. Later, introduce the horizon data (Fig. 2). The
otal organic carbon in the soil profile appears at the bottom of
he screen. Once the total SOC calculations are completed, it is
ossible to transform the units if necessary (Fig. 2).
able 3
unctions of the two versions of the App SOC.
haracteristics SOC BETA SOC +
implifying the equation for calculating soil
organic carbon
X X
nit conversion using the international system
and the English system
X X
id for estimating bulk density X
id for estimating stoniness X
id for estimating organic carbon X
raph organic carbon in the soil profile X
raph organic carbon in the soil profile
compared to other soil groups according to
the WRB
X
Fig. 2. Example of use of SOC App.
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Eig. 3. Calculate time of soil organic carbon using the App SOC and excel.
It is possible to estimate the content of the soil organic carbon
y using the functions to estimate the bulk density and organic
arbon with tables. Besides, it is possible to obtain graphs from
he carbon content throughout the profile and compare them with
he organic carbon content of some soil groups provided by the
RB (Robert, 2002).
There is no similar tool to compare the efficiency of App SOC
lus with.
.2.  Quick  calculation
App SOC plus performs an accurate calculation and shows a
apid performance of all its functions. By comparison, an expe-
ienced technician needs 70 min to calculate one profile of five
orizons with Excel; however, with App SOC plus the calcula-
ions are quickly finished in only 7 min (Fig. 3). Since work time
n the field is expensive, this difference in minutes is very valu-
ble. The app is designed to behave as a field tool, with which
alculations and estimations can be done quickly and reliably.
.  Conclusions
We have now a tool with the possibility to be used on the
eld which allows the fulfilment of a rapid diagnosis of the con-
ent of organic carbon in the soil profile with common measure
nits applied on the field; it eliminates possible mistakes when
alculating or applying formulas and performs rapidly.
Knowledge of the content of organic carbon in the soil profile
s of primary importance to link the soil usage with its environ-
ental functions within the ecosystem or landscape and with
ther ecosystems and nearby landscapes.
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